Blind oro-(naso)-pharyngeal suction and feeding catheter intubation are very common practices in pediatric critical care. However, these simple procedures may produce unexpected complications in friable tiny patients. We encountered 3 extremely premature infants in whom cervical esophageal perforation and further submucosal excavation were caused by traumatic catheter injury and subsequently led to catastrophes. These episodes of iatrogenic trauma were all successfully diagnosed early, documented and managed with the aid of ultrathin flexible endoscopy. [J Chin Med Assoc 2007;70(4):171-175] 
Introduction
Catheter interventions in the upper aerodigestive tract, such as the placement of orogastric catheter (OGC), nasogastric catheter (NGC) and the procedure of oro-(naso)-pharyngeal suction are common medical practices. They are often and more aggressively performed on critically ill patients in the intensive care unit (ICU), and rarely result in complications. However, even these simple and well-recognized procedures may occasionally be implicated in hypopharynx or esophagus perforation, especially in a very special group of patients, extremely premature infants who are born with unusually friable tissues, and whose survival can be prolonged with the advent of modern medical facilities but concurrently may have more iatrogenic problems. Both the neonatologist and pediatric surgeon often play a central role in early and correct recognition as well as in offering appropriate management, which are essential to minimize the associated morbidity or even mortality. [1] [2] [3] [4] [5] [6] Flexible endoscopy (FE) can directly facilitate the discovery of lesion sites 7, 8 which in the past might have escaped detection. When such lesions are found, FE can also demonstrate how the injuries occurred and what further management should be offered. We encountered 3 extremely premature infants in the past 2 years in whom unexpected cervical esophageal perforations and further deep tissue excavations caused by traumatic suction catheter (SC) and feeding catheter (FC) insertions subsequently resulted in catastrophes. These unusual and frequently unrecognized iatrogenic traumas were demonstrated and appropriately managed by direct ultrathin FE. To the best of our knowledge, this FE application has not been reported in such tiny infants before.
Case Reports

Case 1
A female premature infant of 25 weeks gestational age (GA) and birth weight (BW) 710 g was admitted to the neonatal ICU. She was successfully weaned from orotracheal intubation with mechanical ventilation (MV) to nasal prongs with continuous positive airway pressure (CPAP) on the 5 th day of life (DOL). Frequent oro-(naso)-pharyngeal suctions with 6-Fr polyvinylchloride (PVC) SC were performed to ensure upper airway patency, although some bloody secretion had been noted. In the following days, bolus formula feeding (1 mL/q3h) was given via a 5-Fr PVC OGC, which was changed routinely twice weekly. She gradually developed abdominal distension, which was assumed to be due to CPAP inflation. 9 A radiograph film on the 14 th DOL showed distended bowel loops and a normal OGC position.
On the 15 th DOL, due to progressive apnea, desaturation, severe distension, and brown discoloration of the abdomen, the patient was nasotracheally intubated with MV support. A 5-Fr FC was inserted smoothly by an experienced nurse via the other nostril. A radiograph was taken, and at this time, the NGC tip was shown to be abnormally located in the liver field and surrounded by a round density (Figure 1) , which led to a high index of suspicion that the NGC was malpositioned and had been wrongly fed.
Immediately, an FE (3.0 mm OD) was performed via the nose, with the erroneous NGC still in place, to search for the exact problem. The esophagus and stomach were initially shown to be normal, but no catheter existed in the lumens. Then, the FE was slowly withdrawn. At the right corner of the esophageal orifice, the NGC was found to be embedded in the mucosa through a 0.7-cm linear laceration wound. Obviously, the NGC had penetrated from this wound to the outside of the alimentary tract. The distance from the nostril to the perforation site was measured by the FE to be 6.3 cm. Under direct FE vision, the NGC was removed and a new 5-Fr FC was again nasally inserted and manipulated to avoid reentry into the laceration site. The patient was then conservatively managed with gavage feeding, no deep (no more than 5.5 cm) pharyngeal suction, and no change of NGC. Intravenous broad-spectrum antibiotics were given for a total of 10 days. The following hospital course was smooth, and she was discharged on the 105 th DOL in wonderful condition.
Case 2
A male premature infant of BW 1,200 g was successfully extubated from MV to nasal prongs on the 3 rd DOL. A 5-Fr PVC OGC was placed to start gastric feeding. Regular oro-(naso)-pharyngeal suctions were performed with 6-Fr PVC SC by experienced nurses to keep the airway clear. The SC had met with some resistance around the pharynx region and there were blood-tinged secretions during the suctions, but this did not cause much concern. On the 5 th DOL, moderate blood came from the OGC. It was initially suspected to be stress associated, and intravenous cimetidine was given, but there was no significant improvement. On the 7 th DOL, massive blood flow was seen from the nose and the mouth, and FE was therefore performed.
Under FE vision, the esophagus, stomach and tracheobronchial lumens were all noted to be normal. In the hypopharynx wall near the esophagus orifice, a 0.6-cm linear wound, 7.0 cm from the nostril, was found with blood oozing out continuously. A new SC was inserted via the nose, with repetitive back-and-forth motion in the pharynx. It was observed that the catheter tip penetrated through the wound each time and could tunnel 3 cm into the submucosa without any resistance being felt. We did a test: a new 5-Fr FC was inserted via the other nostril through the pharynx. It was found that the FC always traveled through the customary path to the perforation wound. To maintain gavage feeding, we manipulated the FC down to the esophagus and the stomach, and changed the infant's head posture to avoid the FC going into the wound. Broad-spectrum intravenous antibiotics, no deep (< 6.5 cm) pharyngeal suction, and no change of the NGC for 7 days were recommended. After that, the patient did wonderfully and was discharged on the 40 th DOL.
Case 3
A female premature infant of 26 weeks GA and BW 920 g was admitted to the neonatal ICU. She had nasotracheal intubation and was successfully weaned to nasal prongs on the 4 th DOL. She underwent frequent W.J. Soong oro-(naso)-pharyngeal suctions with a 6-Fr PVC SC due to copious secretions after the extubation. Ten hours after extubation, massive fresh blood came from the nose and the mouth, which could not be eliminated with local epinephrine application to the nose and the pharynx. Tachypnea (approximately 70/minute) and desaturation developed gradually. Emergency blood transfusion was recommended. Pulmonary hemorrhage was the first impression, but the chest film showed only mild haziness of bilateral lungs. Therefore, tracheal re-intubation was recommended.
With experience from the previous 2 cases, we asked for a FE check before attempting to intubate. The FE (3.0 mm OD) revealed a 1.0-cm vertical linear perforated wound, 6.5 cm from the nostril, over the right corner of the esophageal opening (Figure 2 ). All the lower esophageal, stomach and tracheobronchial lumens were shown to be normal. In order to clarify and imitate the cause of injury, a 6-Fr SC was nasally inserted with repeated back-and-forth motion. It appeared that the tip of the SC entered through the laceration wound each time and tunneled a false track about 4 cm deep into the submucosa. For further continued gavage feeding, a new NGC was carefully manipulated, under FE vision and with the aid of changing head positions, safely into the stomach. Fiveday intravenous antibiotics and prohibition of deep (< 6.0 cm) pharyngeal suction were recommended. The infant did wonderfully afterwards.
Discussion
These 3 cases are summarized in Table 1 . Iatrogenic perforation of the cervical esophagus is an uncommon but serious complication in critical patients that can easily be overlooked. [1] [2] [3] [4] [5] [6] The time lag of all perforations in our 3 infants were far from tracheal intubation and, therefore, most likely were caused by either suctions, gastric intubations, or both. Most perforations associated with catheter manipulation occur during rough, emergent or difficult procedures, which are often performed by relatively inexperienced personnel, and with incorrect use of a big or stiff catheter. This iatrogenic perforation may occur more commonly than is generally thought. If left unrecognized or misdiagnosed, the potential sequelae can be catastrophic, as its clinical propensity mimics oral, nasal, gastric, or even pulmonary injury, to which unstable premature infants are all vulnerable.
Oro-(naso)-pharyngeal suction to maintain upper airway patency is a necessary and beneficial procedure in the care of critically ill patients. This is especially significant in tiny premature infants whose endotracheal tube has just been removed; copious thick secretions coming from the trachea, if pooling and sticking in the upper airway, are prone to blocking these narrow lumens. Patients' weak swallowing and ineffective cough create further difficulties in secretion removal. Therefore, frequent and aggressive suction to clear the upper airway may be inevitable and even highly recommended.
Most suction or gastric catheters available today are made of PVC material and straight at the tip. 
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Endoscopic management of infants' esophageal perforation mucosa tissue. The path of the human upper airway, from naso-, oro-to hypopharynx, forms almost an S-like shape. When catheters are passed through the nasal or oral tracts, the tips can exert a direct punch force, mainly first on the posterior pharyngeal wall (nasal adenoid, the first curve and the most angulated site) and then on the base of the hypopharynx (the second curve, the narrowed introitus to the esophagus). The pharyngoesophageal junction is especially prone to these punches because the cricopharyngeal muscle easily contracts by local stimulation or injury, becoming more susceptible to trauma and perforation. Extension of the neck, a common manipulation during catheter insertion, can effectively eliminate the first curve, but further increases the possibility of injury at the second curve by exaggerating the tip to produce more punch against the cervical vertebra. 10 Repetitive and excessive striking of the catheter tip might ultimately perforate local mucosa and result in subsequent excavation. This catheter-induced mucosa injury may not be avoided in presence of frail tissue, even if the insertion is done by an experienced clinician. Tiny premature infants, such as our 3 cases here, are particularly vulnerable because of their delicate tissue, the need for frequent catheter (feeding and suctioning) insertion, and inability to immediately respond against this painful injury. Furthermore, premature infants, including all our 3 infants, may frequently receive steroid therapy to facilitate their pulmonary function. [11] [12] [13] Steroids can increase tissue fragility through their adverse effects on collagen formation and have been identified as a possible predisposing factor for perforation. 14, 15 In case 1, the indwelled FC perforated and tunneled through the pharyngeal submucosa, prevertebral space, and finally reached the right-side retroperitoneum. There was no feeling of significant resistance either during the insertion or the gavage feeding in that deep tissue. This evidence suggests that neonate clinicians and nurses should be more cautious in the use of all instruments that may reach or pass through the premature infant's pharynx and esophagus.
Initial symptoms and signs, including bloody aspirate from oral or nasal cavity, pharynx, catheter resistance and coffee ground gastric residual, which lead to the suspicion that pharyngoesophageal perforation may have occurred, are not specific. If the perforation is not promptly and accurately diagnosed in time, these premature infants may receive unnecessary and/or even hazardous management such as tracheal intubation, positive pressure ventilation, intrapulmonary medications to stop bleeding, antacids, blood transfusion, prohibition of gastric feeding, and prolonged parenteral nutrition, which may cause further complications.
Traditionally, confirmation of a suspected esophageal perforation mainly relies on radiographic images. In some instances, plain neck or chest radiographs may reveal ectopic tube location or abnormal shadow along the catheter pathway. However, plain films may appear normal in 12 16 to 33% 17 of all these cases. A contrast swallow study may disclose the perforation site, a false tract, 18 or wrong localization of the contrast in more detail, but it still has a 10% false-negative rate. 19, 20 Computed tomography to find the extraluminal air is one of the most useful findings for making diagnosis; however it is expensive and may not be suitable for tiny lesions, small catheter and small infants.
FE, as demonstrated in our 3 cases, may be more convenient and accurate for making diagnosis. FE can readily be performed at bedside, therefore avoiding critical delay, transfer to radiology facility, contrast use, and radiation exposure. It is also capable of examining the whole aerodigestive tract, precisely locating the injury site, and directly visualizing how the catheter passes through the mucosa and has made a tunnel. The distance from the nostrils (or lip) to the lesion site can be measured as the reference for further suction depth. In addition, for continuous alimentary nutrition, a new FC can be correctly positioned under FE guidance, to avoid the customary path that would lead to reentry into the original trauma site. Therefore, the infant can be spared from parenteral nutrition, gastrostomy feeding, radiation, and fluoroscopic insertion catheter. In small infants, we perform FE with "a quick look" method: only with topical spray of xylocaine through the nose and pharynx, if indicated, without any sedatives. The total time needed for FE insertion to check the upper aerodigestive tract (including nasal tract, pharynx, larynx, trachea, esophagus, and even stomach) is less than 1 minute. In our experience, this procedure is similar to an SC or FC insertion, and can be safely performed in high-risk infants. 21, 22 A consensus concerning the management of pharyngoesophageal perforation has developed in recent years. Broad-spectrum antibiotics and immediate exploration with closure and drainage are indicated in the majority of patients, with the exception of neonates. 1, 23, 24 Conservative management is still the mainstream treatment for small infants. 1, 4, 5, 25 The self-recovery courses in our 3 cases suggest that conservative management with FE-guided insertion of FC, maintaining gavage feeding, delicate non-deep suction, and appropriate antibiotics could be successful.
In conclusion, caution should be exercised when performing aerodigestive tract suction, intubation, or using other instrumentation, especially in premature infants. Even with unobvious traumatic evidence, hypopharyngeal or cervical esophageal perforation should always be suspected in unexplained nasal or oropharyngeal bleeding. Once the perforation is noted, conservative management without deep suction is recommended. FE may be performed in suspected infants prior to other invasive studies, and also for the correct placement of the FC. FE is convenient and worthwhile to quickly make an accurate diagnosis and facilitate clinical management of this iatrogenic injury.
